The formation of expanding rings in the central regions of galaxies is numerically calculated in the cylindrical coordinate, after galactic explosions with a large mass release (1.2 X 10 8 solar mass). These rings undergo the self-gravitational instability and are led to the fragmentation, which is expected to form very large HII regions in the central parts of some galaxies such as NGC 1068, NGC 1566, NGC 1808, NGC 3256 and others. The radial distance from the center, the mass, and the expansion velocity of massive fragments, which are made by an explosion with the energy of 3 X 10 56 erg, fit those of the large HII regions in the inner region of NGC 1068. The wind-like explosion is favorable for the instability to grow up during the expansion of the ring. § I. Introduction
In the central parts of some galaxies, very large HII regions are found. Linear diameters of these HII regions often amount to several hundred parsecs and, in the extreme case, up to a thousand parsecs, while HII regions usually seen in our neighborhood have diameters of several tens of parsecs. Some Seyfert galaxies, for example, NGC 1068, NGC 1566 and NGC 7 469, have such large HII regions. Five of HII regions in the inner region of NGC 1068 have diameters of 230~520 pc which are obtained by direct measurements on the photographs,D~4 1 where the Hubble constant H 0 is assumed to be 75 km s-'Mpc-1 • On the isophotes of NGC 1566 of de Vaucouleures, 5 J we find several huge HII regions of diameters 500 ~2,000 pc. Hot-spot galaxy NGC 2782 shows four hot-spots in the nuclear part which are considered as HII regions 6 J and their diameters are 400~660 pc. Arp and Bertola 71 reported six large HII regions in a region of 1.5 kpc radius around the nucleus of NGC 1808, of which diameters were 300~470 pc. In a radius of 4 kpc centered on the nucleus of NGC 3256, we find at least ten large spots, of which diameters are 700~1,200 pc on the photograph by Feast and Robertson. 8 J Other cases of such large HII regions are seen, for example, in the peculiar emission-line galaxies, 9 J the "Atlas of Peculiar Galaxies" by Arp, 10 J and others. The motions of these HII regions are not known in detail, except for those in NGC 1068.
When we consider the formation processes of these large HII regions, it may be noted that these are located in the central part of the galaxies. Sometimes, large HII regions are observed in the outer parts of Sc galaxies like as M101. Developed spiral patterns in the outer region may interpret the formation process of
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these HII regions in terms of the shock compression of interstellar gas clouds by a spiral gravitational potential. In a central part, however, the gravity of the galaxy is not so strong and the spiral pattern does not exist or does not so develop. Therefore, it may be difficult to consider that the formation process of these in the nuclear regions of galaxies is related with the spiral density waves, except for the possible effect of the inner Lindblad resonance.
Another problem to be interpreted is that of the mass associated with the large HII regions. The estimated total mass of six HII regions in the inner region of NGC 1068 is 5X10 6 M 0 , where the average number density n=1 atom cm-3 and spherical shapes of HII regions are assumed. Although this value of mass is not so large, an additional mass associated with gas clouds, such as dust or molecular hydrogen, amounts to much. In fact, molecular hydrogen of (5"-'36) X 10 9 111 0 is estimated from observations of CO in a radius of 3 kpc around the center of NGC 1068 by Richard et al.w Another observation of the far infrared light from dust grains reveals the mass of molecular hydrogen of 5 X 10 9 2\11 0 in the same region. l2l
If this excessive value of mass is true, which is comparable with a total mass of the inner region of the galaxy, the average number density of gas over the inner region reaches about 40 atoms cm-3 assuming 200 pc for the thickness of the gas disk. This appears too dense to believe; however, we must consider the fairly large mass to be associated with these large HII regions.
It is difficult to assume that such massive gas has remained from the epoch of the galaxy formation and the condensations to HII regions took place recently. The stellar mass or density of these galaxies does not seem especially high; and hence, we cannot expect much mass loss from stars. Other possible origins of the large mass may attribute to the accretion of gas from the intergalactic space or the mass ejection from the nucleus. Although the accretion process is attractive, no observational evidences of the accretion have been known. Here, it must be noted that among the examples listed above Seyfert galaxies have active nuclei. Furthermore, it is known that, in the very center within a radius of 5" (360 pc for H 0 =75km s-1 Mpc-1 ) around the nucleus of NGC 1068, four massive clouds are moving with velocity of 600 km s-1 (Walker's clouds), which are observable only by means of the spectroscopic mapping.') These indirect evidences may lead us to the idea of the mass ejection from the nucleus. In NGC 1068, Richstone and Morton 13 J have observed the central mass of (0.6"-'2.4) X 10 9 2\1 0 within a radius of 140 pc, which is comparable with the mass of the molecular hydrogen in the disk; and this may support the idea, if the mass ejections have not occurred so frequently. Thus, although the mechanism of the mass ejection from the nucleus is unknown, we attempt to interpret the formation of large HII regions around the nuclei of galaxies from the point of view of the mass ejection. That is, the ejected mass with high energy into the galactic disk will cause the shock compression and form a massive ring moving outward, which will collapse into fragments through a self-gravitational instability and become large HII regions with outward motions. This scheme is developed to fit the observations m NGC 1068: the distances and the velocities of three large HII regions at the outer edge of the inner region of this galaxy. These are situated abour 13" northwest from the nucleus, which is corrected to 18", considering the inclination of the disk of i=45a ; 2 >.•> and the linear distance from the nucleus is about 1.3 kpc (H 0 = 75 km s-1 Mpc-1 ) or 2.0 kpc (H0 = 50km s-1 Mpc-1 ). These HII regions lie on near the minor axis of the disk and their radial expansion velocities seem to be 100"""'150 km s-1 in Fig. 9 of Walker.
•> In § 2, we calculate the gas flows ejected into the galactic disk and represent the formation of expanding rings. The self-gravitational instability associated with these rings is treated in § 3 and possible parameters of condensations are examined. Section 4 is devoted to the discussion. § 2. Expanding rings Axisymmetric gas flows into the galactic disk without the self-gravity are calculated under the gravity of stars of the disk with the use of a Lagrangian coordinate, which is described in the paper of Colgate and White. w Here we consider the galactic disk as a rotating cylinder about its axis. All variables are assumed to depend only on time and distance from the axis, and their derivatives with respect to the Z-coodinate (along the axis) are assumed to be zero. The velocities along the axis are neglected and therefore the flows are calculated only in the radial direction of the cylindrical coordinate. The ejected mass is assumed to be 1.2 X 10 8 M 0 per 100 pc of the thickness of the disk, which are added as a hot gas within a radius of 50 pc of the disk center. The instantaneous release of the hot gas (Case A) and the continuous mass release during 1 X 10 6 years (Case B) are examined. The latter is considered like as a wind flow in a comparatively short period; this is simulated by adding ten instantaneous releases of hot gas of each mass 1.2 X 10 7 M 0 during 1 X 10 6 years. The reason why both treatments are considered is that the differences in the initial gas pressure will produce the different flows, even if the explosion energy is the same in both cases. Some calculations have been done with various energies. The most suitable case to account for the large HII regions in NGC 1068 corresponds to the flow with the energy of 3 X 10 56 erg per 100 pc of the thickness of the disk. This agrees with the hot gas of the temperature of 5 X 10 6 °K. The number density of the ambient gas in the disk is taken to be n = 1 em-s and the temperature 10 4 °K. The gas is assumed to be fully ionized. The gravitational potential of the disk, under which the ambient gas rotates, IS that of Nagai and Miyamoto : 15 > where lvf* IS the total mass of the disk and r max IS the radial distance from the We neglect the angular momentum of the ejected mass which produces only very small centrifugal force compared with the gravity force at the location of the relevant region of the interest, unless we assume an extremely high inherent angular momentum of the ejected mass or the high efficiency of the angular momentum transport between the ambient gas. Cooling and heating are assumed to be the same as that in the paper of Tamazawa et al. 16 l These are added to the equation of the energy conservation as the source term S:
The first and second terms are cooling, in a fully ionized hydrogen plasma, caused by free-free and bound-free processes, respectively, and the third term is heating gained by the photoelectric ionization. These produce an equilibrium temperature of 10 4 °K. In the equation v is the specific volume, n the number density, and T the temperature of gas.
Here, we take S = 0 for r<100 pc, since the extremely high density near the center raises an excessively rapid cooling process at the beginning of the calculation; therefore, the gas can hardly expand outward, which produces the unsuitable circumstances for the initial condition of the explosion. When this assumption is removed, the application of a higher energy would be needed; however, in this case, the most of the initial energy immediately changes into a radiation energy. That is, \Ye see the extremely low efficiency of the energy transformation into the dynamical energy. If we suppose the initial condition with higher efficiency, such as a magnetic pressure used by Defouw,m we need not so high energy to obtain the expanding gas flows. The artificiality applied here may be compensated with the possible and intensive heating clue to the active nucleus at the phase of the mass ejection.
In Figs. 1 and 2 , is shown the result of calculations for gas flows with the initial energy of 3 X 10 56 erg in both cases A and B. In the figures assigned (b), r 1 represents the radial distance of the head of the expanding ring, and v 1 is the velocity of the ring as a whole. The bulk mass involved in the rings consists of the ejected gas. Flows are isothermal with 10 4 oK except for the narrow regions immediately behind the shock front.
The formation of expanding rings surrounded by the external pressure makes easy for gas to fragment and condense into many clumps. In this respect, it is interesting to note that the ring formation takes place earlier in the case B than in the case A. This is attributed to the reason that in the case B the gas sup-plied later during 1 X 10 6 years expands into the comparatively tennuous gas region already heated by the preceding gas.
The larger part of mass m the expanding ring goes back later and remammg gas further expands outward as the comparatively thin shock layer, which is not for the flows in the case A and B, respectively. The gas which returns to the center ultimately form oscillating rings. Such behavior of the ejected gas is similar to that discussed by Defouw.m Here, in the flow of the case B, we note that at 1.2 X 10 7 years after the explosion r 1 reaches about 2.4 kpc and the expansion velocity about 100 km s- 1 • This seems approximately to correspond to the expanding HII regions seen in NGC 1068 as mentioned in the introduction. Therefore, using this expanding ring, we will examine below whether larger clumps of gas grow up enough by the time of 1.2 X 10 7 years after the explosion through the self-gravitational instability: the possibility of the formation of large HII regions. § 3. Growth of the instability in the expanding ring Elmegreen and Elmegreen 18 l have analyzed the gravitational collapse of a compressed gas layer behind an isothermal shock. This layer is considered to be a pressure-bounded, self-gravitating and infinitely extended plane-parallel layer in a hydrostatic equilibrium. According to their calculation, appropriate symmetric perturbations around the midplane represent unstable features with the dispersion relation which is characterized by only one parameter A: the nondimentional distance between the midplane and a boundary of the layer. This parameter A is determined with the external pressure Pe and the column density (j of the layer:
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The critical wavelength Ac of disturbances, i.e., the minimum wavelength to grow up, is determined by the following relations: 
Vc
where H is the scale height of the layer:
Here, Pe is in the CGS units and c, the sound velocity of gas, where we apply the gas temperature of 10 4 °K. The wavelength Am of perturbations with the maximum growing rate is equal to 2n:H/vm, where Avm=0.294-0.0197A+O.l73A 2 • The growing time r of perturbations with any wavelength is given by
4rcGP.· ( -.9 2 ) P.· ( -.9 2 ) where Pe is again in the CGS units. The non-dimensional growth rate (-. 9 2 ) 112 is obtained m Fig. 1 infinitely extended isothermal layer surrounded by external pressures on both sides. The expanding ring in this paper is considered as an axisymmetrically rolled up layer of them, which is truncated perpendicular to the symmetry axis with the thickness of the gas disk. The column density (J of the ring is, therefore, that projected to the radial direction; and the direction of the wave-vector is azimuthal about the symmetry axis. An extra effect, which may be arised from the curvature, is negligible if the wavelength of perturbations is considerably smaller than the circular length of the ring. Since we deal with below the wavelength of about 1 kpc and the radius of the ring reaches finally 2.4 kpc, this approximation becomes accurate gradually in the course of expansion of the ring. Next, we notice a problem about the difference of the external pressures on both boundaries of the expanding ring. The external pressure P 1 on the preceding side of the expanding ring, i.e., the shock front, is given by the velocity of the ring and the density of the surrounding gas: P 1= p0v/, while P 2 on the other side is complicatedly determined by the temperature and the gradients of the density and the velocity. Inequality P1>P 2 is held always in the time considered
here. This indicates that a conveniently supposed layer bounded with the external pressure P2 on both sides is more stable than that bounded with P 1 on both sides with the same column density, because Am and 'rm, the minimum growth time, are approximately proportional to P. -112 , where we consider that A and -!Jm 2 do not vary so largely in our case. Therefore, in order to obtain the large gaseous clumps, it is necessary to examine the former layer. If this layer is unstable enough for perturbations with appropriate wavelengths and collapses into some fragments within the time previously mentioned, the purpose of this paper will be well attained. which is raised from the excessive compression and bouncing effect due to the deceleration of the head of the ring and the inertia of the mass in the ring. The boundary of the ring nearer to the galactic center is not always so clear, where the density and the pressure increase gradually with some steps to the interior of the ring. The values of P2 adopted here may be of the somewhat inner part of the ring. rm increases rapidly after the time represented in the :figures due to the steep decrease in P2• This influences unfavorably for the growth of the self-gravitational instability of the ring.
In the case B, as seen in Fig. 4 , perturbations with the wavelength larger than 800 pc will develop; however, the growth time may be marginal compared with the flow time. Growth times of some perturbations with appropriate wavelength are shown in Fig. 5 for the case B. Figure 6 indicates the degrees of the growth for perturbations of the case B integrated with time after the ring formation time 1.6 X 10 6 years considering the variation of the growth rates. The mode with wavelength of 1200~ 1400 pc grows up most rapidly and its e-folding time is 1.2 X 10 7 years; this appears to just correspond to the expanding large HII regions in NGC 1068. The instability of the case A cannot grow up against the increase of the growth time, owing to the delay of the ring formation.
Next, we estimate the mass of a condensation. For this quantity, we take the mass
where JZ is the thickness of the gas disk and 2 X 10-2 g em -2 is the average column density of the expanding ring. This seems to agree roughly with that of a large HII region in NGC 1068, if the average number density of it is taken to be 10 em-s. The effect due to the truncation of the infinitely extended layer is not so large if we take LIZ to be 500 pc, which is about a half wavelength. With the present values, the contribution of the cutoff part of the infinitely extended layer to the gravity is estimated about 20 percent. § 4. Discussion
In the previous section, we have obtained the possibility that through the self-gravitational instability large condensations are formed near the galactic center during the first expansion period of the oscillating ring after the continuous mass ejection of short period from the nucleus. Here, it appears to take further time until the star formation occurs and the condensations begin to glitter as HII regions; however, it should be noted that the e-folding time is merely an estimation of growth and the growing time calculated in § 3 is an upper limit since the width of the conveniently supposed layer is somewhat larger than twice the width of the real layer in self-gravitational equilibrium which is bounded with the pressure of P1 on one side and P2 on other side. Furthermore, considering the possible occurrence of the rapid cooling in the dense region of the layer, it would be expected that massive condensations becomes bright HII regions during the first expansion time of the ring. The detailed discussion concerning this problem is beyond the scope of this paper because of the limited treatment on the assumption of isothermal and linearization. The rotational motion of gas may affect the fragmentation through the angular momentum conservation and the occurrence of the turbulent motion and others. These effects are, however, difficult to estimate and therefore are neglected in this paper.
The application of the calculation by Elmegreen and Elmegreen requires the self-gravitational equilibrium of the layer and this is violated in the case of an accreting shock with A>0.7. This limit is, however, not so severe in our calculation. As mentioned in § 2, the expanding ring always undergoes the compression due to the decerelation of the shock front and the inertia of the bulk mass of the ring. This compression helps for the ring to follow the corresponding redistribution of mass to the mass accretion.
The mass of 2.7 X l0 7 M 0 for a condensation derived in the last section is somewhat smaller than the critical mass of an isothermally collapsing gas sphere bounded with the external pressure. 18 '' 19 ' When the perturbation develops into a gas sphere, however, its temperature would be actually below 10 4 oK owing to the rapid cooling in the dense condensation. The slight decrease of the temperature will lead to the further collapsing of the condensation, since the critical mass is proportional to the square of the temperature.
Wolfe 20 ' has discussed a hot wind from the Seyfert nucleus of 5 X 10 6 °K, which is the same temperature in this paper, and the possibility about the formation of the small moving clouds in the nuclear region due to the thermal instability_ However, it is difficult to interpret the formation of massive clouds in his calcula-tion. In this paper, it is shown that the wind-like explosion of the galactic nucleus with the large mass release makes it possible. Such large mass ejections may occur in the usual Seyfert nuclei.
According to the calculation of the isotropic explosion by Sanders and Prendergast,21l about a tenth of the initial mass of ejection constructs an expanding ring in the disk of the Galaxy. Therefore, if the ejection in the present paper is isotropic, we need to require about 10 9 M 8 for the initial mass concentration in the center of the galaxy. This value is comparable with the central mass of NGC 1068 and hence, this appears a severe problem provided such a large mass ejection has the recurrent nature. Probably, this would be interpreted by the reasons that the large mass ejection does not always occur in the Seyfert phase of the nucleus and does not occur in the spherically symmetric or axisymmetric manner.
When the mass ejections are not accompanied with suitable physical quantities, the self-gravitational instability will not grow up during the first expansion period of the ring. However, even in this case, the condition for the growth of the instability will be attained after some oscillations of the ring. If the active phase of the nucleus have been over until this time, this may correspond to the case of the large HII regions without active galactic nuclei listed in the introduction.
